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SUMMARY 

The open chute spillway of Cedar Bluff Dan was invest igated 
w i t h  two hydraulic sca le  models. A s ca l e  o f  1:4'8 was used f o r  a 
composite model, Figure 4, and a sca le  of 1:24 was used f o r  a model 
of one of t h e  5 -  by 5-foot control led  sluicewsys, Figure 23. 

The per t6  of t h e  spillway s tudied wi%h t h e  composite model 
were t h e  overflow section,  t he  uncontrolled sluiceway, the  control led  
sluiceways, and the  s t i l l i n g  basin.  Three t e s t s  were made on the 
overflow sec t ion  using th ree  piers ,  one p ie r ,  and no piers .  Discharge 
capacity curves were obtained f o r  t h e  t h r e e  conditions of flow and are 
shown in  Figure 8 together  with curves f o r  t he  coer r i c ien t  o r  discharge. 
The most s a t i s f ac to ry  flow conditions occurred with a l l  p i e r s  removed, 
and t h i s  arrangement w a s  recommended f o r  construction.  

Five var ia t ions  of t h e  14.5- by 8-foot uncontrolled 
sluiceway were investigated.  The preliminary sluiceway, Figure gA, 
had subatmospheric pressures on t he  roof entrance f o r  the  higher 
reservoir  e levat ions  and uneven flow a t  t h e  lower discharges because 
of disturbances caused by the incl ined entrance.  The discharge 
capacity curve, Figure 11, shows a higher discharge than desired.  
After t e s t i n g  four  o ther  arrangements a s a t i s f ac to ry  sluiceway was 
obtained. The recommended sluiceway is  ehown on Figure 13. There 
were no p i e r s  on t he  overflow section,  aad t h i s  sluiceway operated 
with s a t i s f ac to ry  pressures f o r  a l l  f l o w  condit ions.  The capacity 
was 4,000 second f e e t  at  reservoir  e leva t ion  2166, Figure 11. 

1 Three s t i l l i n g  basins were t e s t ed .  The preliminary s t i l l i n g  - 
basin, Figure 17, had a hor izonta l  apron a t  e levat ion 2033. Operation - was only f a i r  with a rough water surface i n  t h e  r i v e r  channel, while 
scour was moderate. The upstream end of t h e  f l o o r  of Basin l o .  2 w a s  



unsat is factory .  The recommended s t i l l i n g  basin, Figure 20, had t h e  
upstream end of the  f loor  ra i sed  5 f e e t  higher than t he  dovnetream 
end. Four tests were mede with t h i s  bas in  using combinations of two 
heights of chute blocks and end s i l l s .  The higher chute blocks and 
lower end s i l l  gave the  most s a t i s f ac to ry  operation. 

A l a rge r  model of one 5- by 5-foot control led  sluiceway Wacs  

invest igated on a 1:24 scale.  Pour roof entrance shapes were studied.  
Pressures on the  preliminary control led  sluiceway were subatmospheric 
on t he  roof near t he  entrance an& downstream from the  gate when 
operated p a r t i a l l y  open, Figure 24. The reconmended control led  
sluiceway, Figure 26, had set i s f  actory pressures throughout. The 
entrance t o  the  a i r  duct was moved from the  surface of t he  overflow 
sect ion t o  a t r a i n i n g  wslf where it had f r e e  access t o  t he  atmosphere. 

Cedar B l u f f  Dam i n  southwestern Kansas i s  a un i t  of t h e  
Missouri River Basin Project  on the  Smoky H i l l  River near t h e  town 
of E l l i s ,  Figure 1. The main purpose of the  dam i s  f o r  flood control ,  
but it w i l l  a l s o  provide f o r  i r r i g a t i o n  of 13,000 acres  of land. It 
i s  a ro l red e a r t h - - f i l l  s t ruc tu re  12,570 f e e t  long having a maximum 
base width of 900 f e e t  and a height above streambed of 136 f ee t ,  
Figure 2. The rese rvo i r  formed has a maximum storage capacity of 
768,400 acre  f e e t .  

The flood control  spillway, Figure 3, which i s  the  s t ruc tu re  
invest igated i n  t h i s  report  i s  located near t he  r i g h t  abutment. The 
overflow aection i s  a t  e levat ion 2166 ,and i s  150.5 f e e t  wid?. The 
chute leading t o  t h e  s t i l l i n g  basin, 400 f e e t  downstream, increases 
i n  width t o  200 f e e t  at the  s t i l l i n g  basin. The f i n a l  sp i l lvay  shows 
nine sluiceways through the  main overflow sect ion which serve t he  
same purpose as gates  on the  cres t ,  s ince  they w i l l  allow f o r  passage 
of flow a t  low heads. In  t h i s  way t he  rese rvo i r  e levat ion may be held  
below the  overflov sect ion t o  allow f o r  storage i n  t he  event of 8 

f lood.  One sluiceway i s  an uncontrolled 14.5- by 8-foot opening i n  
t h e  center  of the  spillway, and the  remaining e igh t  are 5 -  by 5-foot 
sluiceways regulated by s l i d e  gates.  The f i n a l  overflow sect ion w i l l  
pass 84,700 second f e e t  with reservoir  e levat ion 2193 exclusive of 
t h e  nine sluiceways. 

The o u t l e t  works, Figure 2, f o r  re lease  of i r r i g s t i o n  water 
cons i s t s  of a hjgh pressure condult 66 inches i n  diameter, provided 
with a 4- by 5-foot s l i d e  ga te  at  t h e  downstrtwa end which discharges 



were made with a separate model and these  art! recorded i n  Laboratory 
Report No. KYD-245. 

I~!5TIGATIOA WITH 1: 48 SCALE SPILLWAY MODEL 

d 1: 48 Scale Model 

The l a rge s t  model t h a t  would $ i t  i n to  the  space avai lable  
1 i n  the  laboratory w a s  constructed t o  a 1:48 scale .  It was contained 

i n  a 12- by 14-foot hesd box and a 10- by 27-foot t a i l  box connected 
by a 6- by 7-foot chute box, Figure 4. A l l  boxes were of wood con- 
s t ruct ion,  l ined on the  ins ide  with sheet metal. A port ion of the  
rese rvo i r  upstream from the  spillway was located i n  t he  head box. 
Topography i n  t h e  rese rvo i r  was formed by p las te r ing  concrete mortar 
on metal l a t h  held t o  t he  proper shape by wood supports. The overflow 
section,  on t h e  dovnstrecam s ide  of the  head box, w a s  connected by a 
spillway chute t o  t h e  s t i l l i n g  bas in  at  t h e  upstream end of the  t a i l  
box. A l l  f l oo r  sect ions  of t he  spillway were made of concrete screeded 
t o  metal templates. The t r a i n i n g  walls  vere  made of vood covered with 
sheet metsl, and the  piers ,  chute blocks, and end s i l l s  vere made of 
wood. The r i v e r  ckannel i n  t h e  t a i l  box, downstream from the  s t i l l i n g  
basin, was molded in ' sand having a s i z e  such t h a t  90 percent was 
between a No. 8 and a No. 50 sieve.  

A 6-inch pipe l i n e  from a portable pump supplied water t o  
the  model, The pipe emptied i n to  t he  upstream s ide  of the  head box 
behind a rock baff le ,  which smoothed out  t h e  flow t o  t he  rese rvo i r  
area .  An o r i f i c e  meter i o  t he  6-inch pipe l i n e  was used t o  measure 
the  flow t o  t he  model. Point gages i n  t h e  head box and t a i l  box were 
used t o  measure the  water-surface e levat ion of t he  reservoir  and of 
t he  t a i l  water. 

Studies of Overflow Section 

Operation and pressures. The preliminary spillway overflow 
sect ion i s  shown in ' f igure  5. There a r e  two p i e r s  p lus  a wide center  
U-shaped pier ,  t h e  latter providing space f o r  a s ingle  uncontrolled 
sluiceway 14.5 f e e t  wide. The ne t  length of c r e s t  r e su l t i ng  from t h i s  
arrangement i s  116 f e e t .  A t  t h e  maximum discharge of 72,000 second 
f ee t ,  Figure 6, an uneven water surface appeared i n  t he  spillway chute 
because of f i n s  formed by t h e  in terference of t h e  p i e r s  v i t h  t h e  flow 

Cr 
over the  overflow section, and by f i n s  formed at  the  in te r sec t ion  o f  
t h e  flow from t h e  sluiceway and overflow sect ion.  Spreading ac t ion  of 
t h e  water i n  t he  chute was s a t i s f ac to ry  with good t ransverse  d i s t r i bu -  
t i o n  of flow occurring a t  t h e  s t i l l i n g  basin.  

B 



discharges. These pressures i n  f e e t  of water p lo t t ed  at various 
reservoir  elevations ewe shorn i n  Figure 7. The lowest pressure of 
16 f e e t  of water below atmospheric a t  Piezometer No. 3, v i t h  a rese r -  
vo i r  elevation of 2195, vas n3t considered serious.  

The two outside p i e r s  vere removed f o r  the  next operation 
s ince  t h e i r  only purpose w a s  t o  provide support f o r  a bridge. The 
overflow section then consisted of two p a r t s  having a t o t a l  length 
of 126 f ee t .  Considerable improvement i n  t h e  rough water surface i n  
the  chute resul ted  from t h i s  change. The f i n8  formed at t he  center  
p i e r  were s t i l l  present, and spreadjng of t he  flow i n  t he  chute was 
a s  sa t i s fac to ry  a6 i n  t h e  o r ig ina l  design. 

The U-shape center  p i e r  was removed and a port ion of t he  
sluiceway e x i t  was covered, Figure 6 ~ ,  giving a continuous overflow 
sect ion 150.5 f e e t  i n  length.  Operation with overflow sect ion and 
sluiceway discharging was improved over the  two previous t e s t s .  The 
water surface i n  the  chute was not  a s  rough, but  tvo f i n s  were present  
due t o  in terference of t he  water flowing through the  sluiceway with 
t h a t  f a l l i n g  over t he  overflow section.  These f i n s  are shown i n  
Figure 6~ v i t h  t h e  spillway discharging 30,000 second f ee t .  Removal 
of t he  p i e r s  had no measurable e f f e c t  on t h e  pressures on t he  sp i l lvay  
c r e s t .  

Calibrat ion.  Discharge capacity curves were obtained f o r  
t he  overflow sect ion f o r  each of t he  three  lengths produced by succes- 
s ive  removal of t he  p i e r s .  The uncontrolled sluicevay was blocked f o r  
these  ca l ib ra t ions .  The t h r ee  r a t i n g  curves obtained are shown i n  
Figure 8 together with curves f o r  t h e  coef f i c ien t  of  discharge, C .  
With a l l  p i e r s  i n  place, giving a ne t  length of overflow sect ion of 
116 fee t ,  a discharge coef f i c ien t  of 4.25 w a s  obtained a t  reservoir  
e levat ion 2193. The coef f i c ien t  of discharge C i s  given by the  

expression C = where L is  t h e  minimum ne t  length betveen 

p i e r s  and E i s  t h e  t o t a l  head on t h e  c res t ,  inc luaing veloci ty  head 
of approach. With t h e  tvo outside p i e r s  removed, t h e  coeff ic ient  of  
discharge dropped t o  4.10 and v i t h  a l l  p i e r s  removed it became 4.03. 
Because of contraction and f r i c t i o n  losacs, a p i e r  placed on an over- 
flow sect ion w i l l  ukually cause a reduction i n  t he  coef f i c ien t  of  
discharge; but  i n  t h e  present case, the  coef f i c ien t  of  discharge 
shoved an increase because t h e  upstreem p i e r  noses vere extremely 
shor t  (distance measured from nose t o  c r e s t  of spil lway).  This same 
phenomenon has been experienced i n  t h e  pas t  vhere shor t  nose piera  
vere involved. Also, t he  first tvo coef f i c ien t s  a re  somewhat excessive 
because i n  computing C the  minimum dis tance  between p i e r s  w a s  used as L 



tapering piers  cause the  flow t o  contract ss it peeares over the  c r e s t j  
thus the  length of cres t ,  as used i n  the  usual sense, is more o r  l ee s  
intangible In t h i s  came. The coeff ic ient  of dlschargc of 4.10 i o  . 
correct  f o r  t he  f r ee  c r e s t  as ra negative pressure of  16 f e e t  of water 
vas experienced on the  face f o r  the mnxiaPum discharge condition. 

Uncontrolled Sluiceway Studies 

Sluicey.~-no.  1--PreliPsinsry. The preliminary aluicewoy, 
Figure gA, wan dcsimed t o  discharge 4,000 second f e e t  st reservoir  
elevation 2166. The vidth was 14.5 f e e t  and the  inver t  control  w a s  
a t  elevation 214Ec. A photograph of flow i n  the chute looking upatreau 
fo r  a discharge of 2,700 eecond f ee t  i e  ahown i n  Figure 10A. Spremdina 
of the  vater  i n  the chute w a s  satisfactory,  but a high center f i n  
sccurred i n  the  d o ~ ~ t r e a m  portion of the  sluicevay because of entrance 
conditiozrs. The feature  which caused t h i s  disturbance was the.4tj0 
inclination of the  bellmouth entrance. 

Pressures vere measured along the  centerl ine of the  inver t  
and on the roof adjacent t o  the  l e f t  w a l l ,  and the  r e su l t s  are plot ted 
in  Figure 9A f o r  four reservoir  elevations. Invert pressures were 
greater than atlnibpheric f o r  a l l  discharges. With the reservoir  
elevation high enough t o  cause the  sluiceway t o  nm f'ull, the  roof 
pressures were below atmoepheric and became lover with an increase 
i n  reservoir  elevation. The model show8 t h a t  pressures i n  the  proto- 
type vould reach the vapor preseure of water. 

A discharge capacity curve vaa obtained fo r  the  preliminary 
sluiceway, Figure 11. The discharge of 5,300 second f e e t  at reservoir  
elevation 2166 was 1,300 second. f e e t  more than desired. This excess 
discharge was believed t o  r e su l t  from the low pressures on the roof of 
the sluicevay. 

Sluiceway Bo. 2. To give higher pressures along the roof 
and decrease the discharge, the  length of the  roof entrance was 
increased by the  extenaioa shown i n  Figure 9B. Pressures measured 
on the flwr and roof shoved l i t t le  change from those of the  prelimi- 
nary sluiceway. A decrease i n  pressure occurred near the  invert  
control, Figure 9B. Conditions of flow i n  the sluiceway such as 
t h e  center f i n  were s imilar  t o  those of the  preceding t e s t .  

The center U-shape p ie r  vas removed and the  maln overflow 
section and sluiceway were operated together. For a t o t a l  discharge 
of 72,000 second fee t ,  Figure lOB, a pulsation occurred which indi-  
cated a cyclic var ia t ion i n  the  quanti ty of water flowing through the 



of the sluicevby. The pulsat ion could be stopped by ven t i l a t ing  t h e  
downstream end. Therefore, t h e  pressure i n  t h i s  region was d e f i n i t e l y  
associ&ted with the o s c i l l a t i n g  discharge through the sluiceway. 
Without ven t i l a t ion  the  pressure i n  the downstream end decreased 
ie,ow ctmospheric, ccusing an increase i n  the sluiceway discharge.  
The increased discharge then tended to c r e s t e  a back pressure which, 
in  turn ,  decreased the  flow through the  sluiceuay. This cycle was 
repeated over and over and gas responsible f o r  the p u l s ~ t i n g  e f f e c t .  

Sluicezay No. 3. To eliminate the o s c i l l a t i n g  fled, the 
oiferflow section i n  the  v i c i n i t y  of the sluicevay was f i l l e d  i n  as 
;houri on Figure 12A. This ieft* an opening 7.20 f e e t  high at. the down- 
stream end. The sluiceway inver t  control  r emined  a t  elevation 2144 
a s  i n  the preliminary. There were no p ie r s ,  so the overflow sec t ion  
discharee could i n t e r f e r e  with the discharge from the sluiceuay. k t  
b l l  Aischzrges s a t i s f a c t o r y  condit ions of flow occurred a t  t h e  p o r t a l  
withour. pulsa t ion.  The r e s t r i c t i o n  a t  t h e  downstream end caused an 
increase i n  the pressure throughout the sluicebVay with the J - ~ v e s t  
pressure amounting t o  atmospheric a t  Jiezometer No. 7 with rese rvo i r  
e!evation 2167.01, Figure 12A. Increasing the  reservoir  e levat ion 
jbovc c h i s  amount gave higher pressures in  the sluiceway s ince  the  
overflod discharge increased the  back pressure a t  the  downstream 
p o r t a l .  

This arrangement was, in  general ,  s s t i s f e c t o r y  except at 
!oTd reservoir  elevations when open-channel flow occurred i n  the s lu ice -  
xay. Under these condit ions,  as  i n  the preliminkry, the vater  surface 
xas uneven w i t h  z high center f i n .  

Sluiceuay Yo. 4 .  The er t rance  ;as nodified b y  moving the 
inver t  control  downstream, Figure 128. This ;ras t o  el iminate the 
disturbance caused b y  the incl ined bellmouth entrance. The downstream 
end xas increased i n  height from 7-20 to  8 f e e t ,  and the roof sec t ion  
%as modified t o  conform t o  the f l o o r  shape. The model was opersted 
and smooth open-channel flow resu l t ed .  Roof pressures were acceptable, 
but  the shape of the inver t  control  proved t o  be d e f i c i e n t  i n  cross  
sect ion,  r e su l t ing  i n  a pressure of 13 f e e t  of water below atmospheric 
a t  Piezometer No. 9 with reservoir  e levat ion 2165.86, Figure 1ZB. 

Sluicexay No. 5--Recommerlded. To increase the  pressures,  
the inver t  control  was increased i n  sec t ioc  as shown i n  Figure 13. 
The roof sec t ion was changed t o  a s t r a i g h t  l i n e ,  while the exit height  
remained a t  8 f e e t .  



No. 5. Roof Entrance A, Figure 13A, had the roof continued i n  a 
s t r s igh t  l i n e  intersect ing the 1:1 overflov section slope a t  
elevation 2158. Satisfactory prispures were obtained throughout 
the sluiceway except fo r  a pressure: t\Z 2 f ee t  of va te r  below ataos- 
pberic a t  Plezometer lo .  6 v i th  resen.oir  elevation 2166.27. 

a 

For Entrance B, a 1-foot radius was used t o  connect the  
roof and 1:l slope, Figure 13B. Instead of i n c r e a ~ i n g  the  pressure 
a t  Piezometcr no. 6, it decreased it t o  3 fee t  of water below atmos- 
pheric with reservoir  elevation 21.66.03. 

For Entrance C, the 1:l slope on the upstream face of the  
crest  was replaced v i t h  a ve r t i ca l  wall, Pigure 13C. Results vere 
unsatisfactory as a pressure of 5.5 feet of water below atmospheric 
occurred at  Piezometer Ro. 7 with reservoir  elevation 2166.20. 

A radina of 10.5 f ee t  wae employ33 fo r  Entrance D as  shown 
i n  Figure 13D. Pressures were hlgher than those f o r  Roof Entrances A, 
B, and C, but e t  Piezomter No. 9 the pressure was 1.5 f e e t  of water 
b e l w  atmospheric with reservoir  elevation 2166.03. 

An e l l i p t i c a l  shape was next used f o r  the  roof entrance, 
Figure 13, which proveh t o  be the recommended entrance. Pressures 
throughout the s lu icevs~ .  vere above atmos?heric f o r  a l l  reservoir  
elevations. A discharge capacity curve was obtained f o r  the  recom- 
mended sluiceway, Figure 11. This sluiceway gave the  required f lov  
of 4,000 second f ee t  with reeervoir elevation 2166. Figure 1 4 ~  shows 
the  flow in  the  chute downatreem fro% t h e  sluiceway w i t h  a t o t a l  dis- 
charge of 84, /0G second fee t .  Fins originating at  the  po r t a l  vere the  
only disturbances noticeable. Flow from the p ~ r t a l  vas a lso s a t i s -  
f acwry  when  pen-channel f lov  existed i n  the sluiceway, Figure 14~. 

Water-surface prof i les  were taken i n  the  spillway chute 
v i th  the  sluiceway operating a t  reservoir  elevation 2166, Figure 15. 
Also shovn i n  t h i s  f igure arc water-surface prof i les  with reservoir  
elevation 2193 giving a t o t a l  discharge of 88,500 second fee t .  Dis- 
t r ibu t ion  of flow a t  the downstream end of t h e  chute vas sa t i s fac tory  
fo r  a l l  flow conditions. A t  no time djd t h e  water overtop the  t ra in ing  
walls of the  chute. 

A discharge capacity curve was obtained v i th  both the 
uncontrolled sluiceway and spillway operating, Figure 16. This 
curve i e  essent ia l ly  Curve C of Figure 8 w i t h  t h e  addition of the  
dischsrize through the sluiceway. 



S t i l l i n g  Basin Ro. 1--Preliminary. The preliminary bas in  
had a hor izonta l  f l oo r  a t  e levat ion 2033, P i p r e  17. Chute blocksand 
dentated end s i l l  were used as wel l  as f i l l e t s  a t  the  s ides  of the  
basin. The perfowance is shown i n  Figure 1 8 ~  a t  t he  maxiaum d i s -  
charge of 84,700 secona f e e t  and t a i l -wa te r  e levat ion 2074.50. Flow 
was uniform across t he  width of the basin and t he  jump act ion was 
sa t i s fac to ry .  Flow in  the  r i v e r  channel was turbulent  with waves 
3 f e e t  high. Erosion i n  t h e  channel a f t e r  1-hour operation a t  meximum 
discharge i s  shown in  Figure 1 8 ~ .  Scour was moderate v i t h  a hole 
downstrean from each t r a i n ing  wall  9 f e e t  belov the  f l oo r  of t he  
s t i l l i n g  basin. 

S t i l l i n g  Basin Ho. 2. The f i l l e t s  a t  t he  s ides  of the  
s t i l l i n g  basin were removed and the  upstream end of the  f100~  was 
raised,  giving a slope t o  t he  f l oo r  of 16:1, Figure 17. The chute 
blocks were moved upstream 24.6 f e e t  t o  t he  new in te r sec t ion  of t he  
chute and f l oo r  vh i le  the  end s i l l  remained unchanged. Operation 
at the  maximum discharge of 84,700 second f e e t  vas unoatisfactory, 
Figure 19, since the  Jruag formed 50 f e e t  downstream from the chute 
blocks and extended in to  t h e  r i v e r  channel. The en4 s i l l  was a l l  
t h a t  prevented the  jump from sweeping out of t he  basin.  Because 
of the  poor operation, a scour t e s t  was not run on  t h i s  design. 

S t i l l i n g  Basin No. 3--Recomnaended. The upstreem end of 
the  basin f l oo r  vas lovered t o  elevation 2038 making it 5 f e e t  higher 
than t he  downstreem end. This gave a slope of 24.3-1 f o r  the  f loor,  
Figure 20. The stme chute blocks ( 5  f e e t  high) and end s i l l  (12 f e e t  
high) vere used f o r  t h i s  bas in  a s  i n  the  preceding two t e s t s .  A t  
maximum f l ~ v  of 84,700 second f e e t  the  jump formed about 40 feet dow- 
stream from the  toe  o f  t he  chute as  shown in  Figure 2lA. There was a 
high b o i l  over the  end s i l l  and s vave 3 f e e t  high ex i s ted  i n  t h e  r i ve r  
channel. Scour, a f t e r  1-hour operation a t  maximum discharge and t a i l -  
va t e r  elevation 2074.5, was moderate with erosion dovn t o  e levat ion 2030 
a t  each s ide  of the  s t i l l i n g  basin, Figure 21B. Three other  t e s t s  were 
made ueing d i f fe ren t  combinations of chute blocks and end s i l l  i n  an 
attempt t o  improve the  s t i l l i n g  pool operation. 

To reduce the  high b o i l  over the  end s i l l ,  t h e  height of 
t he  s i l l  was lowered from 12 t o  9 f e e t .  Operation a t  maxinnun d i s -  
charge, Figure 21C, showed a lower b o i l  v i t h  2.5-foot vaves i n  t he  
r i ve r  channel. The scour pattern,  Figure 2U), was similar t o  t h a t  
obtained v i t h  the  12-foot end s i l l  except the  erosion a t  t he  r i gh t  
s ide  of the  s t i l l i n g  bas in  extended down t o  e levat ion 2024 ias tead 
of 2030. 



height of the  chute blocks x.6 ihcreased from-5 t o  7 f e e t  for tb.e 
t h i r d  t e s t .  Operation a t  maxiaum discharge, Figure 22A, showed t h a t  
t he  jump s t a r t ed  a t  the  t o e  of the  chute. The b o i l  over t h e  andl s i l l  
was higher than the  prevl.ous t e s t  with t h e  9-foot end s i l l .  Scclur, 
Figure 228, was more severe than f o r  t he  previous two t e s t s  v i t h  
erosion down t o  elevation 2023 at t he  l e f t  s ide  of t he  basin.  

(I' a 

In  the  fourth t e s t  the  7-foot chute blocks were retailled 
and the  9-foot end s i l l  i n s t a l l ed .  Operation a t  maximum discha~:ge, 

4 Figgre 22C, shoved t h a t  the  j m p  s t a r t e d  a t  the  chute blocks with a 
moderate b o i l  over t he  end s l l l .  Waves were 2 f e e t  high i n  t he  r i v e r  
channel. Erosion, Figure 2a), was moderate with t h e  maxiaura acour 
extending d o n  t o  e levat ion 2030 a t  the  end of each t r a i n ing  wa:L1. 
From the  r e s u l t s  of these  t e s t e ,  t h e  basin v i t h  7-foot chute blocks 
and 9-foot end s i l l  w a s  se lected as the  recommended arrangement. 

1:24 Scale Model 

After completion of t he  1:48 scale  model s tudies  it w a s  
decided t o  I n s t a l l  e igh t  5- by 5-foot gate-controlled sluiceways 
through t he  overflow e e c t i m .  A model b u i l t  t o  a sca le  of 1:24 was 
xscd fo r ' i nve s t i ga t i ng  these  sluiceways, Figure 23. A 3- by 3-foot 
head box representing a sect ion of the reaervoir  was constructed of 
wood and l ined with sheet  metal. Water Was supplied t o  the  head box 
by a 6-inch pipe, and flow was quieted by a rock b a f f l e  i n  the  head 
box. An o r i f  i c e  meter i n  the  6-inch supply pipe was used t o  measure 
the  water supplied by a portable pump. The model consisted of a 
port ion of the  main overflow section Including one 5- by 5-foot 
sluiceway and gate b u i l t  of p l a s t i c .  Wood, l ined  with sbeet  metal, 
was used f o r  t he  c r e s t  and t r a i n ing  walls.  

5- By 5-foot Sluiceway Studies 

Controlled Sluiceway No. 1--Preliminary. The sluiceways 
a re  5-foot-square conduits with inver t  slope = 0.01 and the  inver t  
entrance a t  e levat ion 2134.82. Control of the flow is provided by 
s l i d e  gates about 40 f e e t  downstream from the  bellmouth entrances, 
The preliminary sluicevay was provided a i r ,  on the downstream s ide  
of the  gate, by an a i r  duct leading from t h e  d o ~ ~ t r e a m  face of t he  

b overflov section.  Piezometers were i n s t a l l ed  along the  lenqth of t h e  
sluiceway roof and i n  the  f l o o r  downstream from the  gate, Figure 24. 
Three piezometers were alsu i n s t a l l ed  along the  l e f t  s ide  of the  

C curved entrance. 



elevations v i t h  the s l ide -ga te  1/3, 2/3,  and f u l l y  open, while 
?ressures vere recorded on a l l  piezometers. With the  gate f u l l y  
open a l l  preQeures were above atmospheric except f o r  a small m e e  
of the  roof entremce. The lowest pressure obtained w a s  3.5 f e e t  of 
water belov atmospheric a t  Pi.ezometer No. j with reeervoir  
elevation 2167, Figure 24. A t  p u t i a l  gate openings, f o r  a l l  
reservoir  elevst ions,  the  pressures i n  the  sluicevay upstream from * .C 

t h e  gate vere a b v e  atmospheric. Pressures below atnospheric, 
hovevet, occurred dovnstresr from the  gate, vhen t he  rese rvo i r  
elevation vae high enough t o  allow f l ov  over t he  overflow section, b 

due t o  seal ing of the a i r -vent  entrance. The xinimum pressure vas 
13 f e e t  of va te r  below atmospheric a t  Piezometer No. 8 with the  gate 
two-thirds open and reservoir  eleva?ion 2174.2, Figure 24. 

Controlled Sluiceway No. 2. The air-duct  entrance was roved 
from the  overflov face t o  a t r a i n ing  vall where it had f r ee  access t o  
t he  atmospbere, so t h a t  t he  subatmospheric pressures could be relfeved 
i n  the  sluicevay downstrem from the  gate. The only port ion of the  
sluicevay having low pressures because of t he  shape was the  roof 
entrance. The remaining t e s t s  were muleaon t h r ee  d i f f e r en t  roof- 
entrance curves. An e l l i p t i c a l  roof-entrance curve vas used f o r  
Sluirevay Ho. 2 a s  i n  t he  preliminary, but the  nev curve increased 
the  height of entrance. The lowest pressure obtained t ry ing  varioue 
operating conditions was 4 f e e t  of  va t e r  belov atmospheric a t  
Piezometer NO. 3 v i t h  reservoir  e levat ion 2165.1, Figure 25. 

Controlled Sluiceway Ro. 3. The var ia t ion  of the  pressures 
on the  two roof entrances indicated a f l a t t e r  e l l i p s e  would give 
higher pressures, so 8 f l a t  e l l i p s e  was used s t a r t i n g  with a 1/2-foot 
radius, Figure 25. @&ation shoved t h a t  preesures a t  Piezornctera 
Ro. 3 and 4 vere above atmospheric, but with reservoir  elevation 2165.4, 
a pressure of 4 f e e t  of water belov atmospheric occurred a t  Piezometer 
Ilo. 1, Figure 25. Considerable va r ia t ion  i n  pressures occurred along 
the  length of the  curve as  v i t h  the  two previous t e s t s .  A d i r e c t  
method wes used t o  determine t he  roof-entrance shape by removing t he  
roof and measuring the  water surface p ro f i l e  v i t h  reservoir  e levat ion 
a t  2166. 

Controlled Sluiceway No. 4--~tcommended. An 8-foot ratiius 
was used fo r  the  roof e n t r u c e  s ince  t h i s  conformed very nearly t o  
the  measured v a t t r  surface, Figure 25. Pressures vere observed f o r  
various reservoir  elevations and gate openings throughout the  s lu ice-  
way. Entrance pressures were above atmospheric except f o r  a pressure 
of  0.7 foot  of water belov atmospheric a t  Piezometer no. 5 with reser-  I( 

voi r  elevation 2147.4, Figure 25. The remainder of t he  sluicevay 



gate openings, Figure 26. The a i r  duct. supplied air t-o the sluiceway 
when t he  gate was p a r t i a l l y  open and when t he  downstream end of t he  
sluiceway vas sealed by flow from the  overflow section.  Flow through 
t he  sluiceway only with t h e  s l i d e  gate one-third open i s  shown i n  
Figure -A. Flow with t he  gate one-third open together  v i t h  discharge 
over t h e  overflow sect ion i s  shown in  Figure.2'JB. In  the  second case, 
back pressure causes t h e  tunnel  t o  flow f u l l .  Similar  operating con- 
d i t i o n ~  a re  shown in Pi@re8 28A and 2 8 ~  with t h e  gate two-third6 
open. With flow over t he  spillway, Photograph B, a i r  l a  drawn i n to  
t he  water by l o v e r i ~ g  of t he  pressure on the  downstream s ide  of t h e  
gate. 

The photographs on Figures 27 and 28 show the  a i r  pipe 
leading t o  the  sluiceway with a 1/4-inch o r i f i c e  f i t t e d  t o  the  top  
of the  pipe. The pressure drop across the  o r i f i c e  vas measured by 
t h e  gage shown connected t o  t he  a i r  pipe by a rubber tube. This gsge 
was developed i n  the  laboratory t o  measure 6 m s l l  pressure d i f f e r e n t i a l s .  
It consis ts  of  a f l o a t  within a cylinder, Figure 29. A chsnge i n  
pressure d i f f e r e n t i a l  of H f e e t  of va te r  between the  outside and 
ins ide  of the  floa't  causes a f l o a t  movement of MH. M i s  the  multi- 
p l i ca t ion  i n  movement and i s  equal t o  the  r a t i o  of Area C t o  Area D.  
The model indicated t h a t  the  maximum a i r  required by t he  prototype 
sluiceway w i l l  be 216 cubic f e e t  of a i r  per  minute with rese rvo i r  
e levat ion 2174.3 an6 t h e  gate two-thirds open. A s  the  a i r  duct i n  
t he  model was exceptionally small, the  a i r  flow i n  the  prototype i s  
expected t o  exceed the  above value. 

A discharge capacity curve was obtained f o r  the  5- by 5-root 
sluiceway f o r  gate openings of 1/3, 2/3, and f u l l y  open, Figure 30. 
In  making the  ca l ib ra t ion  the  condition of flow over the main c r e s t  
f o r  reservoir  elevations above 2166 was duplicated i n  the  1:24 sca le  
model. This caused back pressure on the  sluiceway po r t a l  and is  
re f lec ted  i n  a decrease i n  sluiceway discharue a t  higher reservoir  
elevations a s  shown by t h e  r a t i n g  curves. 

1: 4 8  Scale Model 

5- by 5-foot sluiceway studies.  The eight  5- by 5-foot 
sluiceways were i n s t a l l ed  In t he  i : 4 8  spillway model t o  observe t he  
f lov  i n  the chute with these controlled sluiceways and the  center  
uncontrolled sluiceway operating. A t  reservoir  e levat ion 2166, with 
a l l  sluiceways operating, Figures 31A and 3lB, flow was s a t i s f ac to ry  
with good d i s t r i bu t i on  down the spillway chute. Sa t i s fac to ry  operation 
a l so  occurred with the  m a i n  overflow sect ion dlscharglng together with 
the  sluiceways. 
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A. Piers in place--Discharge 2,700 second-feet B. Piers removed--Discharge 72,000 second-feet 

PrellmLnary Uncontrolled Sluiceway 
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UPPER ENT'RANCE DESIGNS INVESTIGATED FOR SLUICE No. 5 

SLUICE NO. 5-RECOMMENDED 

C E D A R  B L U F F  D A M  
P R E S S U R E S  I N  S ILU ICEWAY 

1 :  48 SCALE MODEL S T U D Y  



B. Discharge 2,880 Second-feet 

Recomrnrended 43luicewny . 
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A. Discharge W, 700 3ecaed-feet 

B. Scour after 1 Hour 

Prelhhary SCiUln# Basin 
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Discharge 84,700 Second-feet 

SUUng BasinNo. 2 
CEDAR BLUFF DAM 

1 :48 Scale Model Study 





A. operation B. Scour , 

HEIGHT CHUTE BLOCKS 5 FEET, ENI) SILL 12 FEET 

C. Operation D. Scour 

HEIGHT CHUTE BLOCK8 6 FEET, END SILL 9 FEET 

Operation at 84,700 Second-feat and Scour after 1 Hour--Basin Nc. 3 . 
CEDAR BLUFF DAM 
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D. *cur 

HEIGHT CHUTE BLOCK 7 FEET, END SILL 9 FEET 

Ogcrrttan ut 64,700 Secocud-frCn uld $ m a r  Utor 1 &dau--mfn No. 3 
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A. a t e  213 open ~emcr~oix Elevation 2165. o 
Flow through sluice only 

B. Gste 213 open, ResemQLr E&vrtion 2174.3 
Flow through sluice and overflow secttion 
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